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1.1. Status quo of industrial laser safety  
$FFRUGLQJWR0D\HUWKHZRUOGZLGHODVHUPDUNHWLQZDVGRPLQDWHGE\WKHDSSOLFDWLRQRIKLJKSRZHU
FXWWLQJ DQGZHOGLQJZLWKD VKDUH LQ H[FHVVRI7KHZRUOGPDUNHW IRU ODVHUPDWHULDO SURFHVVLQJ V\VWHPVKDV
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LGHQWLI\DIDXOWE\YDULRXVSK\VLFDOGHWHFWLRQPHFKDQLVPVOLNHRSWLFDOUHFRJQLWLRQ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RU DOWHUQDWLYHO\ WKH VHQVRUPXVW EH VKLHOGHG IURP WKLV UDGLDWLRQ )XUWKHUPRUH KD]DUGRXV HPLVVLRQV OLNH ZHOGLQJ
IXPHVRU WR[LFGHJUDGDWLRQSURGXFWVDUHRIWHQJHQHUDWHGGXULQJPDWHULDOSURFHVVLQJZKLFKFDQEHH[WUDFWHGPRUH





1.2. Evaluation of the safety of laser safety systems – state of the art 
,Q$QQH[,RIWKH(&0DFKLQHU\'LUHFWLYH'LUHFWLYH(&QDPHGµ(VVHQWLDOKHDOWKDQGVDIHW\UH
TXLUHPHQWVUHODWLQJWRWKHGHVLJQDQGFRQVWUXFWLRQRIPDFKLQHU\¶LWLVQRWHGLQSDUDJUDSKµ5LVNGXHWRRWKHUKD]
DUGV¶ VXESDUDJUDSKµ/DVHU UDGLDWLRQ¶ WKDW µODVHU HTXLSPHQWRQPDFKLQHU\PXVWEHSURWHFWHG LQ VXFKDZD\
WKDWHIIHFWLYHUDGLDWLRQUDGLDWLRQSURGXFHGE\UHIOHFWLRQRUGLIIXVLRQDQGVHFRQGDU\UDGLDWLRQGRQRWGDPDJHKHDOWK¶
7RPHHW WKHVH UHTXLUHPHQWV KDUPRQLVHG VWDQGDUGV DUH FRPPRQO\ XVHG EHFDXVH WKH\ LQGXFH WKH SUHVXPSWLRQ RI
FRQIRUPLW\ DV GHVFULEHG LQ  RI WKH *XLGH WR DSSOLFDWLRQ RI WKH 0DFKLQHU\ 'LUHFWLYH (XURSHDQ &RPPLV
VLRQ
7KHUHOHYDQWKDUPRQLVHGVWDQGDUGIRUODVHUPDWHULDOSURFHVVLQJPDFKLQHVLV,62ZKLFKDIILUPV
LQ SDUDJUDSK  WKDW µ/DVHU JXDUGV VKDOO FRPSO\ ZLWK UHTXLUHPHQWV VSHFLILHG LQ ,(&¶:LWKLQ WKH ODVW
PHQWLRQHGVWDQGDUGDGLVWLQFWLRQLVPDGHEHWZHHQSDVVLYHDQGDFWLYHODVHUJXDUGV:KLOHSURSULHWDU\SDVVLYHODVHU
JXDUGV DUH FODVVLILHG LQ WKUHH VWDJHV DFFRUGLQJ WR WKHLUPDLQWHQDQFH LQWHUYDO µDFWLYH ODVHUJXDUGVKDYH WRPHHW WKH
UHTXLUHPHQW WKDW WKH SURWHFWLRQ WLPH H[FHHGV WKH ODVHU WHUPLQDWLRQ WLPH XS WR WKH IRUHVHHDEOH H[SRVXUH OLPLWV¶
,(&
%RWK W\SHV RI VDIHW\ IDFLOLWLHV DFWLYH DQG SDVVLYH FRUUHVSRQG WR WKH GHILQLWLRQ RI$UWF(&0DFKLQHU\'L
UHFWLYHZKHQWKH\DUHSODFHGVHSDUDWHO\RQWKHPDUNHWEHFDXVHWKH\IXOILODVDIHW\IXQFWLRQWKHLUIDLOXUHDQGRUPDO
IXQFWLRQ HQGDQJHUV WKH VDIHW\ RI SHUVRQV DQG WKH\ DUH QRW QHFHVVDU\ IRU WKH PDFKLQH WR IXQFWLRQ 'LUHFWLYH
(&  7KLV FODVVLILHV WKHP DV VDIHW\ FRPSRQHQWV DFFRUGLQJ WR WKH (&0DFKLQHU\'LUHFWLYH$FWLYH
EDUULHUV DUH FRYHUHG DGGLWLRQDOO\ E\$QQH[,9RI WKH GLUHFWLYHPRUH SUHFLVHO\ E\ LWHP µ/RJLF XQLWV WR HQVXUH
VDIHW\ IXQFWLRQV¶ DFFRUGLQJ WR  RI WKH*XLGH WR DSSOLFDWLRQ RI WKH0DFKLQHU\'LUHFWLYH (XURSHDQ&RPPLV
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1.3. Risk assessment and safety in mechanical engineering with a focus on laser material processing units 
$FFRUGLQJWRDQQH[,RIWKH'LUHFWLYH(&µWKHPDQXIDFWXUHURIPDFKLQHU\RUKLVDXWKRUL]HGUHS
UHVHQWDWLYHPXVWHQVXUHWKDWDULVNDVVHVVPHQWLVFDUULHGRXWLQRUGHUWRGHWHUPLQHWKHKHDOWKDQGVDIHW\UHTXLUHPHQWV
ZKLFK DSSO\ WRPDFKLQHU\¶ ,QRI WKH*XLGH WR DSSOLFDWLRQRI WKH0DFKLQHU\'LUHFWLYH (XURSHDQ&RPPLV
VLRQLWLVVWDWHGWKDWWKHJHQHUDOSULQFLSOHVIRUULVNDVVHVVPHQWRIPDFKLQHU\DUHH[SODLQHGLQ(1,62




PLQHGZLWK UHJDUG WR VSDWLDO DQG WHPSRUDODVSHFWV DVZHOO DV WR WKHGLIIHUHQW W\SHVRIDSSOLFDWLRQV6XEVHTXHQWO\
KD]DUGVZKLFKFDQRFFXUZLWKLQWKHGHILQHGIUDPHZRUNPXVWEHLGHQWLILHG7KHQWKHULVNVSRVHGE\WKHVHKD]DUGV
KDYHWREHHVWLPDWHG7KHULVNLVDVVHVVHGE\WKHVHYHULW\RIWKHKDUPDQGE\WKHSUREDELOLW\RIRFFXUUHQFH7KHODVW




DUH7KH ULVN DVVHVVPHQWZLWK D ULVN JUDSK DFFRUGLQJ WR(1,62  WKH ULVN DVVHVVPHQWZLWK D ULVN
PDWUL[ DIWHU (1 WKH ULVN PDQDJHPHQW IRU OLIWV HVFDODWRUV DQG PRYLQJ ZDONV GHVFULEHG LQ
(1,62 WKH)DLOXUH0RGHDQG(IIHFWV$QDO\VLV )0($DFFRUGLQJ WR(1  WKH)DXOW
7UHH$QDO\VLVDVPHQWLRQHGIRUH[DPSOH LQ9HUPD WKH5$3(;ULVNDVVHVVPHQWSURFHGXUHIRUPDUNHWVXU
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QDQFH LQWHUYDO 3DFWIDLOXUHZLWKLQ W LV WKH SUREDELOLW\ RI IDLOXUH RI WKH DFWLYH FRPSRQHQWZLWKLQ WKHPDLQWHQDQFH
LQWHUYDOWDQG3SDVIDLOXUHZLWKLQWWKHSUREDELOLW\RIIDLOXUHRIWKHSDVVLYHFRPSRQHQWZLWKLQWKHPDLQWHQDQFHLQWHU
YDOWDULVNFRPSDULVRQFDQEHGHVFULEHGPDWKHPDWLFDOO\DFFRUGLQJWRWKHXSSHUSDUWRIWKHIDXOWWUHHDV
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PD[ PFHttwithinfailurePtwithinfailureP pasact d   
8VLQJ WKHSUREDELOLW\RI FRPSOHPHQWDU\ HYHQWV WKHEUDQFK IRU WKH IDLOXUHRI WKH DFWLYH FRPSRQHQW FDQEH H[
SUHVVHGE\HTXDWLRQ
   rwithinfailurenoPPFHttwithinfailureP passacact    
ZKHUH 3)+VDF LV WKH SUREDELOLW\ RI D GDQJHURXV IDLOXUH SHU KRXU RI WKH VHQVRUDFWXDWRUFKDLQ DQG 3SDVQR IDLO
XUHZLWKLQWWKHSUREDELOLW\WKDWWKHSURWHFWLRQWLPHRIWKHSDVVLYHFRPSRQHQWLVODUJHUWKDQWKHUHDFWLRQWLPHRIWKH
DFWLYHFRPSRQHQW






   rXPPFHtPFHtrXPtwithinfailureP passacsacpasact dd  
%\VLPSOLILFDWLRQRIHTXDWLRQDQGLQVHUWLRQLQHTXDWLRQWKHSUREDELOLW\RIIDLOXUHRIDK\EULGODVHUVDIHW\
V\VWHPFDQEHFRPSDUHGWRWKHQRUPDWLYHUHTXLUHPHQWVE\
      > @ PD[ PFHtrXPPFHtrXPtXP passacpaspas dddd  
'HWHUPLQDWLRQRIWKHSDUWLFXODUSUREDELOLWLHVRIIDLOXUH





SRQHQW LV XVHG WKH PDQXIDFWXUHU FRPPRQO\ SURYLGHV WKH YDOXHV IRU 3/ DQG 3)+G UHVSHFWLYHO\ 7KH PD[LPXP
DFKLHYDEOH3/ LV FDOFXODWHGZLWK WKLV YDOXH ,I TXDOLWDWLYH UHTXLUHPHQWV DUH IXOILOOHG E\ DQ\ VXEV\VWHPRQO\ IRU D
FHUWDLQ3/WKHDFKLHYHG3/KDVWREHUHGXFHGDSSURSULDWHO\2VW
4.2. Probability of a critical failure of the passive barrier 
,QFRQWUDVWWRWKHSUREDELOLW\RIDFULWLFDOIDLOXUHRIWKHVHQVRDFWXDWRUFKDLQWKHSUREDELOLW\RIIDLOXUHRIWKHSDV
VLYHFRPSRQHQWFDQQRWEHDVVXPHGWREH OLQHDU LQGHSHQGHQFHRIWLPH5DWKHU WKHIDLOXUHSUREDELOLW\RIDEDUULHU
LQFUHDVHVDWWKHEHJLQQLQJRIWKHPDLQWHQDQFHLQWHUYDODQGGHFUHDVHVODWHUFI/XJDXHUHWDO+HQFHWKHH[




DVVXPHG DV DSSUR[LPDWHO\ QRUPDOO\ GLVWULEXWHG7KHXQGHUO\LQJYDOXHVZHUH WDNHQ IURP/XJDXHUHWDO7KH
QRUPDOGLVWULEXWLRQLVFKDUDFWHULVHGE\WZRYDOXHV7KHPHDQDVORFDWLRQSDUDPHWHUDQGWKHYDULDQFHıðDVGLVSHU
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QHZ RSSRUWXQLW\ IRU HYDOXDWLRQ RI SDVVLYH ODVHU VDIHW\ EDUULHUV LQ DGGLWLRQ WR WKH QRUPDWLYH FDOFXODWLRQ RI
)LJ)ORZFKDUWIRUWKHDSSOLFDWLRQRIWKHKROLVWLFPHWKRGIRUDVVHVVPHQWDQGGLPHQVLRQLQJRIODVHUVDIHW\V\VWHPV7KHGLIIHUHQWZD\VRIFDOFX
ODWLQJ5DUHUHVXOWLQJIURPVLPSOLILFDWLRQVZKLFKFDQEHPDGHIRUWKHYDULRXVFDVHV1RPHQFODWXUHVHHVHFWLRQ







WLRQ WLPHV RI ODVHU VDIHW\ EDUULHUV DQGPRUH LQVLJKWV FRQFHUQLQJ WKH LQIOXHQFLQJSDUDPHWHUV7KHUHIRUH WKH IXWXUH
DFWLYLWLHVVKRXOGDLPDWWKHDQDO\VLVRISURWHFWLRQWLPHVRIFRPPRQO\XVHGPDWHULDOV
5HIHUHQFHV
&RPPLVVLRQ'HFLVLRQ(8&RPPLVVLRQ'HFLVLRQRI'HFHPEHUOD\LQJGRZQJXLGHOLQHVIRUWKHPDQDJHPHQWRIWKH&RP
PXQLW\5DSLG,QIRUPDWLRQ6\VWHPµ5$3(;¶HVWDEOLVKHGXQGHU$UWLFOHDQGRIWKHQRWLILFDWLRQSURFHGXUHHVWDEOLVKHGXQGHU$UWLFOHRI'L
UHFWLYH(&WKH*HQHUDO3URGXFW6DIHW\'LUHFWLYH
'LUHFWLYH(&µ0DFKLQHU\'LUHFWLYH¶'LUHFWLYH(&RIWKH(XURSHDQ3DUOLDPHQWDQGRIWKH&RXQFLORI0D\WKRQ
PDFKLQHU\DQGDPHQGLQJGLUHFWLYH(&UHFDVW
,62,626DIHW\RIPDFKLQHU\±/DVHUSURFHVVLQJPDFKLQHV±3DUW*HQHUDOVDIHW\UHTXLUHPHQWV
(1(1$QDO\VLVWHFKQLTXHVIRUV\VWHPUHOLDELOLW\±3URFHGXUHIRUIDLOXUHPRGHDQGHIIHFWVDQDO\VLV
(1(16DIHW\RIPDFKLQHU\±)XQFWLRQDOVDIHW\RIVDIHW\UHODWHGHOHFWULFDOHOHFWURQLFDQGSURJUDPPDEOHHOHFWURQLFFRQWURO
V\VWHPV
(1,62(1,626DIHW\RIPDFKLQHU\±*HQHUDOSULQFLSOHVRIGHVLJQ±5LVNDVVHVVPHQWDQGULVNUHGXFWLRQ
(1,62(1,626DIHW\RIPDFKLQHU\±6DIHW\UHODWHGSDUWVRIFRQWUROV\VWHPV±3DUW*HQHUDOSULQFLSOHVIRUGHVLJQ
(1,62(1,626DIHW\RIPDFKLQHU\±5LVNDVVHVVPHQW±3DUW3ULQFLSOHV
(1,62(1,62/LIWVHOHYDWRUVHVFDODWRUVDQGPRYLQJZDONV±5LVNDVVHVVPHQWDQGUHGXFWLRQPHWKRGRORJ\
(XURSHDQ&RPPLVVLRQ*XLGHWRDSSOLFDWLRQRIWKH0DFKLQHU\'LUHFWLYH(&QG(GLWLRQ%UXVVHOV
(XURSHDQ8QLRQ2IILFLDO-RXUQDORIWKH(XURSHDQ8QLRQ,661
,(&,(&6DIHW\RIODVHUSURGXFWV±3DUW/DVHUJXDUGV
*RHEHO.50HWKRGDQG$UUDQJHPHQWIRU5HFRJQLWLRQRI2SWLFDO5DGLDWLRQ8QLWHG6WDWHV3DWHQW86%
*RHEHO.56DIHW\IRU+LJK3RZHU/DVHUV($/$±(XURSHDQ$XWRPRWLYH/DVHU$SSOLFDWLRQV%DG1DXKHLP*HUPDQ\

-RKQVRQ5$:LFKHUQ':$SSOLHG0XOWLYDULDWH6WDWLVWLFDO$QDO\VLV3HDUVRQ(GXFDWLRQ,6%1
/DVHUPHW/WG/DVHU-DLOHU%URFKXUHRQOLQHDYDLODEOH85/
ZZZODVHUPHWFRPGRZQORDGV$FWLYH/DVHU*XDUGLQJ/DVHU-DLOHUY)HESGIODVWDFFHVVHG
/XJDXHU)3%UDXQUHXWKHU6:LHGHQPDQQ5=DHK0)/DVHU,QWHQVLW\DVD%DVLVIRUWKH'HVLJQRI3DVVLYH/DVHU6DIHW\%DUULHUV±D
'DQJHURXV$SSURDFK3K\VLFV3URFHHGLDSS±
/XJDXHU)30RRVEDXHU)=DHK0)6WDWLVWLFDOGLVWULEXWLRQRISURWHFWLRQWLPHVRISDVVLYHODVHUVDIHW\EDUULHUV±QRUPDOGLVWULEXWLRQRU
LVWKHUHDEHWWHUGHVFULSWLRQ"/L0±/DVHUVLQ0DQXIDFWXULQJ&RQIHUHQFH0XQLFK*HUPDQ\±
0D\HU$2SWHFK&RQVXOWLQJ(FRQRPLF'RZQWXUQDQG%H\RQG*OREDODQG(XURSHDQ/DVHU0DUNHWVWK,QWHUQDWLRQDO/DVHU0DUNHW
SODFH0XQLFK*HUPDQ\
0D\HU$2SWHFK&RQVXOWLQJ*OREDO/DVHU'HPDQG&OLPEVIRU)LIWK<HDU±+RZ0DQ\/DVHUV'RHVWKH0DUNHW1HHG"WK,QWHUQDWLRQ
DO/DVHU0DUNHWSODFH0XQLFK*HUPDQ\
2VW-$XFKNRPSOH[H6LFKHUKHLWLVWEHKHUUVFKEDU±(UPLWWOXQJGHV3HUIRUPDQFH/HYHOVDXVVLFKHUKHLWVWHFKQLVFKHQ.HQQJU|HQZLUDXWR
PDWLVLHUHUGH85/KWWSZZZZLUDXWRPDWLVLHUHUGHVDIHW\DUWLFOH$XFKNRPSOH[H6LFKHUKHLWLVW
EHKHUUVFKEDUDUWBFRB,167$1&(BPD[LPL]HGODVWDFFHVVHG
5DDIDW+0DFKLQHU\VDIHW\WKHULVNEDVHGDSSURDFKSUDFWLFDOJXLGHOLQHVRQULVNDVVHVVPHQWVWDQGDUGVDQGOHJLVODWLRQ7HFKQLFDO&RP
PXQLFDWLRQV/WG+LWFKLQ,6%1
5(,6*PE+	&R.*0DVFKLQHQIDEULN±'LYLVLRQ5HLV/DVHUWHFGDWHRISXEOLFDWLRQXQNQRZQ/DVHU6S\DFWLYH6HQVRUVIRU/DVHU6DIHW\)O\HU
RQOLQHDYDLODEOH85/KWWSUHLVODVHUWHFGHHQPHGLDILOHODVWDFFHVVHG
9HUPD$.$MLW6.DUDQNL'55HOLDELOLW\DQG6DIHW\(QJLQHHULQJ6HFRQG(GLWLRQ6SULQJHU6HULHVLQ5HOLDELOLW\(QJLQHHULQJ
SS±6SULQJHU/RQGRQ,6%1
:LOKHOPL%)HLVWHO8/DVHU3URWHFWLRQ$UUDQJHPHQWZLWK6DIHW\&XWRII8QLWHG6WDWHV3DWHQW86%
=DHK0)%UDXQUHXWKHU6+XEHU62HIHOH)7UDXWPDQQ$6\VWHPDWLF'HYHORSPHQWRI6DIH+LJK3HUIRUPDQFH/DVHU$SSOLFDWLRQV±
.QRZLQJWKH/LPLWVRI&RQYHQWLRQDO6\VWHPV,&$/(2±,QWHUQDWLRQDO&RQJUHVVRQ$SSOLFDWLRQVRI/DVHUV	(OHFWURRSWLFV2UODQGR86$
SDSHU
